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Absorption, fluorescence and emission anisotropy spectra of l,8-diphenyl-l,3,5,7-octatetraene 
(DPO) in non-heated and heated polyvinyl alcohol) (PVA) films were measured at 296 and 87 K. 
Similar spectra to those of D P O in PVA heated to 423 K were observed for D P O in polymer films: 
polyvinyl chloride) (PVCh), polyvinyl formal) (PVF) and ethylacetate (EtA). Unusual photophys-
ical properties of D P O fluorescence occur only in non-heated PVA. These are the increase in the 
absorbance and quantum yield at temperatures above 358 K and the change in the emission 
anisotropy, r, due to softening or stiffening of the PVA film. For D P O in PVCh and EtA, high values 
of r, close to 0.4, are observed (0.391 and 0.389, respectively), thus manifesting the stiffening of the 
microenvironment around the D P O molecule in these polymers. In the case of D P O in non-heated 
PVA film, strong temperature dependence of the intensity distribution in the fluorescence band and 
double exponential emission decay are observed. This proves that the fluorescence originates from 
two conformers: all-trans and s-eis. 

1. Introduction 

The electronic structure of linear polyenes, 
P h - ( C H = CH)„ -Ph , was the object of numerous ex-
perimental and theoretical investigations [1, 2]. By 
investigating a series of diphenyl polyenes (n = 2, 3,4), 
Hudson and Kohler have shown [3, 4] for all-trans-
diphenyl-1,3,5,7-octatetraene (n = 4) (DPO), that the 
lowest excited singlet state is the optically forbidden 
21Ag(S1) state which lines below the optically allowed 
1 1BU(S2) state. The 2*Ag <- 11 Ag transition is lower in 
energy [1, 2] and gains intensity from the l ^ <- l*Ag 

transition by vibronic coupling [5, 6], For all diphenyl 
polyenes, n = 2, 3, 4, the transition moment is parallel 
to the long molecular axis [7, 8]. 

Electro-optical absorption studies of centro-sym-
metric molecules, e.g. of DPO, enabled the polariz-
ability and electric dipole moment to be determined in 
the excited state [9, 10]. 

The manifestations of these unusual properties of 
diphenyl polyenes can frequently be observed. For 
example, absorption and fluorescence spectra reveal 
poor mirror-image symmetry and a large Stokes shift. 
The radiative rate parameter kF = <PF/x (where 
and t are the fluorescence yield and decay time, re-
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spectively) is smaller than the parameter kF calculated 
from the integrated absorption spectrum, and for 
D P O the ratio R = kF/kF amounts to 22 [11 -13] . Low 
quantum yields, # F , and long lifetimes, r, of D P O are 
observed in liquid solvents. Chattopadhyay et al. [14] 
obtained <*>F = 0.085 and r = 6.7 ns, = 0.088 and 
x = 1.1 ns and <PF = 0.091 and x = 6.8 ns in cyclo-
hexane, benzene and methanol, respectively. Recently, 
unusual behaviour of the D P O absorbance and quan-
tum yield was observed in polyvinyl alcohol) (PVA) 
films at temperatures above 358 K [15, 16]. At such 
temperatures the absorbance and quantum yield 
strongly increase. This effect is irreversible, i.e. upon 
cooling to room temperature the sample retains both 
high absorbance and fluorescence quantum yield. 
Similar behaviour was observed for 1,6-diphenyl-
1,3,5-hexatriene (DPH) in PVA. In this case, however, 
the effect was slightly weaker [17, 18]. 

In the present paper, further studies on the above 
effect are reported for D P O molecules in PVA and 
other polymers such as poly (vinyl chloride) (PVCh), 
poly (vinyl formal) (PVF) and ethyl acetate (EtA). 

2. Experimental 

D P O from Aldrich Chemical Company Inc., Stein-
heim, Germany, was used without further purification. 
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Fig. 2. Wavelength [nm] 

Figs. 1 - 3 . Absorption and fluorescence spectra of D P O in PVA film before heating (Fig. 1), after heating to 373 K (Fig. 2) 
and after heating to 423 K (Fig. 3), measured at 296 K (solid line) and 85 K (dashed line). The fluorescence and emission 
anisotropy (•) spectra were obtained for Aexc = 390 nm. o denote the emission anisotropy at / o b s = 430 nm for various / „ c . 
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The preparation of the polymer films (PVCh, PVF, 
Et A and PVA) was described [18]. 

The methods of measuring the absorption and 
fluorescence spectra, and the quantum yields and emis-
sion anisotropies were described in [15-17]. Fluores-
cence decays were measured on a K 2 multifrequency 
cross-correlation phase and modulation fluorometer 
at the Biochemistry Department of the University of 
Ancona, Italy. 

3. Results 

3.1. Absorption, Fluorescence and Emission 
Anisotropy Spectra 

Figures 1 - 3 show the absorption, fluorescence and 
emission anisotropy spectra of D P O in PVA films, 
measured at 296 and 87 K prior to heating (Fig. 1) and 
after heating to 373 K (Fig. 2) and 423 K (Figure 3). In 
the non-heated sample (Fig. 1), on the short-wave side 
of the absorption band of the all-trans conformer a 
very strong band with a maximum at 300 nm occurs, 
corresponding to the ground-state eis conformer. As a 
result of heating to 373 K the structured long-wave 
(350-440 nm) absorption band intensifies (Figure 2). 
Finally, upon heating to 423 K (Fig. 3), the long-wave 
band becomes fully developed while the short-wave 
band almost completely disappears. The spectrum of 
the emission anisotropy is very interesting. The emis-

sion anisotropy of the non-heated sample is close to 
0.3, whereas after heating to 373 K it drops to 0.150 
due to the softening of the PVA polymer. In the sample 
heated to 423 K the value of the emission anisotropy 
reaches 0.354, which, however, differs markedly from 
the fundamental value of 0.4. 

Similar as with D P H in PVA heated to 423 K, no 
distinct dependence of the intensity distribution upon 
the excitation light wavelength is observed for the 
D P O sample in PVA heated to 423 K. 

Figures 4 - 6 show the absorption, fluorescence and 
emission anisotropy spectra of D P O in PVCh (Fig. 4), 
P V F (Fig. 5) and EtA (Fig. 6) for non-heated samples 
and samples heated to 423 K. Unlike the non-heated 
samples of D P O in PVA, no effect of the excitation 
light wavelength on the intensity dis t r ibut ion in the 
fluorescence band can be observed. The absorption 
and fluorescence spectra of D P O in PVCh, P V F and 
EtA heated to 423 K are the same as those of the 
non-heated samples. Thus, the temperature effect on 
the absorption and emission properties of D P O in 
PVA films does not occur in other polymers such as 
PVCh, PVF and EtA, in which a high fluorescence 
anisotropy, close to the fundamental value r 0 = 0.4, is 
observed: 0.391 and 0.389 for D P O in PVCh and EtA, 
respectively. 

It should be pointed out that the polymers used 
have their own absorption in the short-wave region 
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Figs. 4 - 6 . Absorption and fluorescence spectra of D P O in PVCh (Fig. 4), P V F (Fig. 5), and EtA (Fig. 6) films measured at 
296 K before (solid line) and after heating (dashed line). The fluorescence and emission anisotropy (•) spectra were obtained 
for Aexc = 390 nm. o denote the emission anisotropy at Aobs = 483 nm for various 
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Wavelength [nm] 
Fig. 7. Fluorescence spectrum of D P O in PVA film (dashed 
line) after heating to 423 K, measured at 296 K, and fluores-
cence spectrum of neet PVA film (dashed line). The solid line 
corresponds to the corrected spectrum. 

and emit weak fluorescence. For example, Fig. 7 
shows the global fluorescence spectrum of D P O in 
PVA heated to 423 K, the spectrum of PVA alone and 
the corrected spectrum. On the short-wave side of the 
main fluorescence band, a weak band can be observed. 

A similar band was recorded for D P O in non-heated 
PVCh films (solid line in Fig. 8) and EtA (dashed line). 
In all the three cases the excitation light wavelength, 
Aexc, was 320 nm. 

3.2. Fluorescence Quantum Yields and Lifetimes 

As already shown in [16], the fluorescence quantum 
yield, grows dramatically upon heating the D P O 
sample in PVA to above 358 K. Table 1 summarizes 
the quantum yield values determined for D P O in dif-
ferent polymers either non-heated or heated to 423 K. 
In the case of D P O in PVCh, P V F and EtA (non-
heated samples), <PF amounts to about 0.22, being very 
low for the non-heated D P O sample in PVA (0.03) and 
even lower than for D P O in cyclohexane and metha-
nol. The values of for D P O in PVCh, P V F and EtA 
heated to 423 K are almost the same as for the non-
heated samples, while for the heated D P O in PVA a 
strong increase in <PF is observed, even to 0.32, which 
is markedly higher than the quantum yield in the 
remaining polymers. 

Table 2 summarizes the fluorescence decay times, t, 
of D P O measured at 296 K in methanol, in a 
methanol-water mixture and in different polymers. 
In methanol and non-heated PVCh and EtA films, a 
single exponential fluorescence decay, Tx , was ob-
served, corresponding to the all-trans conformer, 
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Wavelength [nm] 
Fig. 8. Fluorescence spectrum of D P O in PVCh (solid line, 
the intensity axis on the left-hand side) and EtA (dashed lines, 
the intensity axis on the right-hand side) film at 296 K. The 
S2 emission of D P O in EtA is shown in 10-fold scale of the 
fluorescence spectrum. 

Table 1. Fluorescence quantum yields <PF of D P O in different 
polymers measured at 296 K. 

D P O Polymer 

PVA PVCh P V F EtA 

before heating 0.03 0.22 0.20 0.22 
after heating 0.32 0.25 0.19 0.20 

Table 2. Values of fluorescence decay times of D P O in differ-
ent media at 296 K. 

Medium •̂exc ôbs Ar A2' 
[nm] [nm] [ns] [ns] 

Methanol 350 > 4 2 0 5.35 1.00 -

Mixture of 350 > 4 2 0 4.50 0.90 0. CM)1 0.10 
50% methanol 
and 50% water 
PVCh 386 534 7.79 1.00 — -

EtA 386 534 7.21 1.00 - -

PVA (before 375 >420 6.83 0.35 0.001 0.65 
heating) 
PVA (after 375 >420 7.78 0.96 0.265 0.04 
heating) 

A12 are the preexponential factors (normalized relative 
fluorescence intensities, Ax + A2 = 1) representing the frac-
tional contributions to the time-resolved decay of the com-
ponents with a lifetime 2 . 

Frequency [MHz] 
Fig. 9. Double exponential analysis of the emission of D P O 
in PVA film before heating. (•) and o denote experimental 
points for the phase angle and modulation, respectively. 

while for the non-heated PVA a double exponential 
fluorescence decay was obtained with decay times 
and t 2 (Table 2), which evidences the emission of both 
forms. Figures 9 and 10 show the results of the decay 
time, t, measurements carried out for D P O in non-
heated and heated PVA film, respectively. The all-
trans conformer with its longer decay time r l 9 in the 
non-heated film is less abundant (35%) than the eis 
conformer with its shorter lifetime t 2 (65%). In the 
PVA film heated to 423 K, as many as 96% of the 
D P O molecules occur as all -trans conformers, with 
the lifetime rx being the same as for the PVCh film. 
Stronger heating (to above 423 K), which might have 
transformed all the D P O molecules from the eis to the 
trans configuration, was not possible due to yellowing 
of the PVA film. 

4. Discussion 

The results obtained for D P O in different polymer 
films (PVCh, PVF and EtA) either non-heated or 
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Fig. 10. Double exponential analysis of the emission of D P O 
in PVA film after heating. (•) and o denote experimental 
points for the phase angle and modulation, respectively. 

heated to 423 K indicate, similar as for D P H [18], the 
occurrence of all trans conformers only. Unlike PVA, 
in polymers insoluble in water, no short-wave diffused 
band responsible for the absorption of the s-eis con-
former can be observed at 296 K. In water-methanol 
mixture (Table 2), upon the 350 nm excitation and ob-
servation above 420 nm, a double exponential fluores-
cence decay occurs, whereas for methanol alone, a 
single exponential decay is found. Similar behaviour is 
observed for the PVA film either non-heated or 
heated. Heating to 423 K causes that as many as 96% 
of the molecules undergo transition to the all-trans 

configuration and only 4% remain as s-eis conformers. 
This problem was discussed in more detail in [18] for 
D P H in PVA and other polymers. Nonetheless, the 
following issues deserve attention. 

As shown in Figs. 7 and 8, on the short-wave side of 
the strong fluorescence band a weak fluorescence 
band appears which probably corresponds to the 
transition from the 11BU(S2) level with a very short 
decay time. The very short emission decay time ob-
served for D P O in water-methanol mixture and in the 
non-heated PVA film, amounting to 1 ps, cannot be 
attributed to the transition from the l ^ level since 
the observation wavelengths were above 420 nm. 
Thus, also this fact supports the conclusion that the 
fluorescence of D P O in the PVA film, either non-
heated or heated to 423 K, originates from all-trans 
and groundstate s-eis conformers, similar as observed 
for D P H [19]. 

The second problem is that the behaviour of the 
emission anisotropy varies in different polymers. In 
PVCh and EtA a value close to 0.4 is obtained, reflect-
ing the enhanced rigidity of the microenvironment 
around the D P O molecules in these polymers. In PVA 
heated to 423 K, the emission anisotropy of D P O is 
distinctly different, amounting to 0.354. This results 
from a certain degree of orientational freedom of this 
molecule. Therefore also in this case isomerization can 
occur in the solid phase (PVA polymer), like e.g. in 
low-temperature n-alkane solutions of D P O [2]. In 
part VII of this series photoisomerization of diphenyl-
polyenes in PVA polymers will be dealt with. 
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